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The  composition  of  the  essential  oils  hydrodistilled  from  the  aerial  parts  of  five  Achillea  biebersteinii  Afan  samples,  collected  in  central 
Turkey  from  Konya,  Isparta  and  Ankara,  were  analyzed  both  by  gas  chromatography  (GC-FID)  and  gas  chromatography-mass  spectrometry 
(GC-MS).  Eighty-four  components  were  identified,  representing  87  to  99%  of  the  total  oil  composition.  The  identified  major  components 
were  1,8-cineole  (9-37%),  camphor  (16-30%)  and  p-cymene  (1-27%).  Two  samples  differed  in  piperitone  (1 1%)  and  ascaridol  (4%)  content. 
The  five  A.  biebersteinii  essential  oils  were  subsequently  evaluated  for  their  antifungal  activity  against  the  strawberry  anthracnose-causing 
fungal  plant  pathogens  Colletotrichum  acutatum ,  C.  fragariae  and  C.  gloeosporioides  using  the  direct  overlay  bioautography  assay.  The 
essential  oils  showed  no  antifungal  activity  at  80  and  160  pg/spot.  In  addition,  A.  biebersteinii  oils  and  their  major  compounds  were 
subsequently  investigated  against  Aedes  aegypti  first  instar  larvae  in  a  high  throughput  bioassay.  Among  the  oils,  only  one  sample  from 
Ankara  showed  a  notable  larvacidal  effect  on  Ae.  aegypti  larvae.  The  major  compounds,  1,8-cineole,  camphor  and p-cymene,  exhibited  low 
mosquito  larval  activity,  and  thus  the  minor  compounds  are  probably  responsible  for  the  observed  activity  against  Ae.  aegypti  larvae.  The  oils 
showed  weak  activity  against  adult  Ae.  aegypti. 

Keywords:  Achillea  biebersteinii,  plant  pathogens,  Colletotrichum,  bioautography,  Aedes  aegypti,  adult  activity,  larvicidal  activity. 


The  genus  Achillea  L.  (Asteraceae)  is  represented  by  about 
115  species  found  in  the  Northern  Hemisphere,  mostly  in 
Europe  and  Asia,  and  commonly  known  as  yarrows  [1-3]. 
The  genus  name  Achillea  may  have  been  derived  from 
Achilles  of  Greek  mythology  and  its  historical  reputation 
for  healing  wounds  made  it  popular  among  the  military 
and  this  association  led  to  many  of  its  common  names: 
knight’s  milfoil,  herba  milifaris,  staunch  weed,  soldiers’ 
bloodwort  and  nosebleed  [2,3].  Antimicrobial,  antioxidant, 
antiinflammatory,  spasmolytic,  antidiabetic,  antiulcer, 
antitumor,  choleretic  and  hepatoprotective  activity,  and 
cytotoxic  effects  of  different  Achillea  species  have  been 
previously  reported  [3-9].  Phytochemical  studies  carried 
out  on  Achillea  essential  oils  have  identified  sesquiterpene 
lactones,  flavonoids,  alkaloids,  lignans,  triterpenes 
alkamides  and  polyacetylenes  [3,4].  Achillea  essential  oils 
and  sesquiterpene  lactones  have  been  studied  by  a  number 
of  investigators,  but  never  evaluated  for  their  potential 
as  agrochemicals  [3,4,8,10,11].  Terpenoids  (1,8-cineole, 
camphor,  bomeol,  pinenes,  artemisia  ketone,  santolina 
alcohol,  farnesane,  caryophyllene  and  its  oxides,  a-bisabolol 


and  oxides,  cubebene,  germacrenes,  eudesmol,  farnesene, 
y-gurjunene,  y-muurolene  and  chamazulene)  are  the 
principle  components  of  Achillea  essential  oils  [3,4]. 
Yarrow’s  healing  power  is  mainly  attributed  to 
proazulenes,  and  so  the  chemical  composition  of  yarrow 
oils  has  been  investigated  by  several  research  groups  in 
different  countries  [4,6,8,10,11]  in  search  of  novel 
compounds. 

Scientists  at  the  USDA,  Natural  Product  Utilization 
Research  Unit  in  Oxford  (NPURU),  Mississippi,  in 
collaboration  with  the  Deployed  War-Fighter  Protection 
(DWFP)  Research  Program  have  expanded  their  role  in 
exploration  and  identification  of  new  natural  compounds 
for  mosquito  activity.  The  DWFP  program  emphasis  is  on 
identifying  and  testing  new  classes  of  chemical  compound 
for  control  of  insect  vectors,  new  tools  for  chemical 
application  suited  to  the  protection  of  troops  and  human 
populations  after  natural  disasters  (ie.  hurricanes, 
tsunamis),  and  new  methods  for  personal  protection  (ie. 
clothing,  bed  netting,  ointments)  [12,13].  Mosquitoes  can 
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Table  1:  Collection  data  for  samples  of  Achillea  biebersteinii  from 
Turkey. 


Code 

Voucher 

numbers 

Collection  site 

Oil  yield 

(v/w,  %) 

A 

GUE-261 1 

Ankara:  Ankara-Istanbul  main 
road,  Kizilcahamam-Pazar, 

Incek  province 

0.6 

B 

GUE-2612 

Ankara:  Yenimahalle, 

Yesilevler,  998  m 

0.3 

C 

GUE-2756 

Konya:  Konya-Beysehir  main 
road,  42  km  to  Beysehir 

0.5 

D 

GUE-2926 

Konya:  Beysehir- Aksehir  road, 

31  km  to  Aksehir,  1440m. 

0.3 

E 

GUE-2784 

Isparta:  Sarkikaraagac-Y alvac 

Road,  to  15  km  Yalvac,  Sultan 
Mountain,  1300  m 

0.4 

Table  2 

:  Composition  of  the  essential  oils  of  Achillea  biebersteinii  from 
five  geographical  locations  (A-E)  in  Turkey 

RRI 

Compound 

A  B  C  D 

%  %  %  % 

E 

% 

1014 

Tricyclene 

0.3 

0.2 

0.1 

0.1 

0.1 

1032 

a-Pinene 

3.2 

0.9 

2.2 

1.4 

1.2 

1035 

a-Thujene 

0.2 

- 

0.2 

0.1 

0.1 

1043 

Santolinatriene 

- 

- 

0.2 

- 

- 

1076 

Camphene 

5.3 

3.9 

1.9 

2.2 

1.8 

1118 

P-Pinene 

1.9 

0.2 

1.2 

0.5 

0.4 

1132 

Sabinene 

1.0 

- 

0.6 

- 

- 

1176 

a-Phellandrene 

- 

- 

0.1 

0.1 

- 

1188 

a-Terpinene 

0.4 

- 

0.5 

0.2 

0.1 

1195 

Dehydro- 1 ,8-cineole 

0.3 

- 

- 

0.1 

0.1 

1203 

Limonene 

0.4 

0.1 

0.4 

0.2 

0.2 

1213 

1,8-Cineole 

36.0 

8.8 

36.9 

35.5 

34.3 

1255 

y-Terpinene 

0.7 

- 

0.7 

0.2 

0.2 

1280 

p-Cymene 

0.6 

27.0 

3.4 

13.3 

13.4 

1290 

Terpinolene 

0.2 

- 

0.2 

- 

0.1 

1400 

Nonanal 

tr 

- 

- 

- 

- 

1439 

y-Campholene  aldehyde 

tr 

- 

tr 

- 

- 

1450 

trans- Linalool  oxide 
( Furanoid) 

■ 

■ 

■ 

0.5 

0.4 

1452 

a, p-Dimethylstyrene 

- 

0.1 

- 

0.1 

0.1 

1452 

l-Octen-3-ol 

- 

- 

0.1 

tr 

tr 

1474 

Camphenilone 

- 

0.1 

- 

0.2 

0.2 

1474 

trans- Sabinene  hydrate 

tr 

- 

0.4 

- 

- 

1478 

c/s-Linalool  oxide 
{Furanoid) 

- 

- 

- 

0.4 

0.4 

1499 

a-Campholene  aldehyde 

- 

0.2 

0.2 

- 

0.2 

1522 

Chrysanthenone 

- 

- 

0.2 

- 

- 

1532 

Camphor 

30.3 

24.5 

15.6 

21.7 

21.7 

1547 

Dihydroachillene 

0.1 

0.2 

0.4 

0.1 

0.3 

1553 

Linalool 

0.4 

- 

0.2 

2.8 

1.7 

1556 

cw-Sabinene  hydrate 

0.1 

- 

0.4 

- 

- 

1571 

trans-p- Menth-2-en- 1  -ol 

0.2 

1.0 

0.8 

0.5 

0.5 

1582 

c/s-Chrysanthenyl 

acetate 

- 

- 

0.7 

- 

- 

1586 

Pinocarvone 

0.5 

0.4 

- 

0.1 

0.2 

1588 

Bomyl  formate 

- 

0.1 

0.1 

tr 

- 

1591 

Bomyl  acetate 

1.0 

0.8 

2.1 

0.4 

1.3 

1611 

Terpinen-4-ol 

2.4 

0.1 

1.7 

0.8 

0.6 

1617 

Lavandulyl  acetate 

- 

- 

0.2 

0.2 

0.8 

1638 

a's-/?-Menth-2-en- 1  -ol 

0.2 

0.7 

0.6 

0.4 

0.4 

1648 

Myrtenal 

0.4 

0.2 

0.1 

0.1 

0.2 

1651 

Sabinaketone 

0.3 

0.1 

0.3 

0.2 

0.3 

1670 

?ra«5-Pinocarveol 

0.6 

0.5 

0.3 

0.2 

0.3 

1682 

5-Terpineol 

0.7 

0.1 

0.6 

0.3 

0.4 

1683 

Jrans-Verbenol 

- 

- 

0.3 

0.4 

0.1 

1686 

Lavandulol 

- 

- 

0.2 

0.8 

0.4 

1689 

rraws-Piperitol  ( =trans-p - 
Menth-l-en-3-ol) 

tr 

0.4 

0.3 

tr 

- 

1706 

a-Terpineol 

2.7 

0.1 

2.5 

1.2 

1.3 

1719 

Borneol 

6.7 

2.8 

5.1 

5.3 

4.5 

1725 

Verbenone 

- 

- 

- 

- 

0.1 

1726 

Germacrene  D 

0.3 

- 

- 

- 

- 

1748 

Piperitone 

- 

- 

10.9 

- 

- 

1754 

Jra/rs'-Piperitone  oxide 

- 

0.8 

- 

0.3 

0.4 

1758 

c/s-Piperitol 

tr 

0.4 

0.3 

0.2 

0.2 

1764 

c/s-Chrysanthenol 

- 

- 

0.7 

- 

- 

1802 

Cumin  aldehyde 

0.3 

0.3 

0.1 

0.2 

tr 

Tabanca  et  al. 


1804 

Myrtenol 

0.2 

- 

0.1 

0.1 

- 

1845 

trans- Carveol 

0.2 

- 

0.2 

0.1 

tr 

1864 

/?-Cymen-8-ol 

tr 

0.3 

0.1 

0.3 

0.5 

1889 

Ascaridol 

- 

4.2 

0.2 

0.9 

1.3 

1948 

trans- Jasmone 

0.2 

- 

0.3 

0.3 

0.4 

2008 

Caryophyllene  oxide 

0.1 

- 

0.2 

0.5 

0.2 

2029 

Perilla  alcohol 

tr 

- 

0.1 

- 

- 

2030 

Methyl  eugenol 

tr 

- 

0.1 

- 

- 

2073 

p-Mentha- 1 ,4-dien-7 -ol 

0.4 

- 

0.2 

0.1 

tr 

2084 

Octanoic  acid 

0.3 

- 

tr 

0.2 

0.5 

2113 

2131 

Cumin  alcohol 

Hexahydrofamesyl 

acetone 

0.2 

0.5 

0.1 

0.3 

0.1 

0.2 

0.3 

2144 

Spathulenol 

- 

0.2 

0.2 

0.1 

tr 

2181 

Isothymol  (=2-Isopropyl- 
4-methyl  phenol) 

- 

0.2 

■ 

0.1 

0.1 

2185 

y-Eudesmol 

tr 

- 

- 

- 

- 

2186 

Eugenol 

- 

0.1 

0.3 

tr 

tr 

2191 

Zingiberenol 

- 

- 

0.1 

- 

- 

2192 

Nonanoic  acid 

- 

- 

tr 

- 

- 

2198 

Thymol 

- 

0.5 

- 

0.4 

0.3 

2221 

Isocarvacrol  (=4- 

Isopropyl-2-methyl 

phenol) 

0.6 

0.2 

0.1 

2239 

Carvacrol 

- 

2.9 

- 

1.3 

0.9 

2257 

P-Eudesmol 

tr 

1.2 

0.3 

0.7 

0.6 

2260 

1 5-Hexadecanolide 

- 

0.2 

0.1 

0.2 

0.1 

2298 

Decanoic  acid 

- 

- 

- 

0.1 

0.3 

2300 

Tricosane 

tr 

- 

0.2 

tr 

tr 

2324 

Caryophylla-2(  1 2),6(  13)- 
dien-5a-ol 

(=Caryophylladienol  II) 

0.1 

tr 

2392 

Caryophylla-2(  1 2), 6- 
dien-5p~ol 
(=Caryophyllenol  II) 

tr 

0.1 

2500 

Pentacosane 

tr 

- 

- 

tr 

0.1 

2670 

Tetradecanoic  acid  (= 
Myristic  acid) 

- 

- 

- 

- 

0.1 

2700 

Heptacosane 

tr 

- 

- 

- 

- 

2931 

Hexadecanoic  acid 

tr 

1.1 

0.5 

0.2 

0.4 

Total 

99.3 

87.1 

97.6 

97.4 

95.3 

RRI:  Relative  retention  indices  calculated  against  /t-alkanes 
tr  :  Trace  (<  0.1  %);%:  Calculated  from  FID  data 


lead  to  explosive  outbreaks  in  human  diseases  which  can 
cause  high  rates  of  morbidity  and  mortality.  Essential  oils 
can  be  an  alternative  source  of  environmentally  friendly 
insecticides.  One  aspect  of  our  research  focuses  on  novel 
plant-derived  fungicides  for  the  control  of  important  crop 
pathogens  and  pests  in  agriculture.  Pathogens  of  small 
fruits  and  ornamentals,  such  as  Colleto trichum,  Botrytis, 
Phomopsis  and  Fusarium,  continue  to  hamper  the  growth 
and  profitability  of  many  agricultural  crops  [14]. 

This  study  evaluated  the  use  of  A.  biebersteinii  essential 
oils  for  fungicidal  activity  and  for  toxicity  against  Aedes 
aegypti  L.  larvae  and  adults.  The  essential  oils  obtained 
by  water  distillation  from  aerial  parts  of  A.  biebersteinii 
were  collected  from  five  different  geographical  locations 
in  central  Turkey  (Table  1).  The  chemical  composition 
was  determined  by  GC-FID  and  GC-MS.  A  total  of  84 
compounds  were  identified,  representing  from  87%  to  99% 
of  the  total  oils  (Table  2).  The  most  relevant  components 
were  1,8-cineole  (9-37%),  camphor  (16-30%)  and  p-cymene 
(1-27%).  Samples  A  and  B  collected  from  Ankara  (east 
central  Turkey)  showed  different  proportions  of  their 
main  constituents.  Sample  A,  collected  from  the  northwest 
part  of  Ankara,  was  characterized  by  larger  amounts  of 
1,8-cineole  (36.0%),  camphor  (30.3%),  and  borneol 
(6.7%),  but  a  low  amount  of  p- cymene  (0.6%).  Sample  B, 
collected  from  the  central  area  of  Ankara,  had  a  low  amount 
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Table  3:  Major  components  of  A.  biebersteinii  essential  oils  reported  in 
previous  studies. 


Geographic 

regions 

Major  compounds 

Ref 

Turkey 

Sivas 

piperitone  (35%),  1,8-cineole  (13%),  camphor  (9%), 
chrysanthenone  (8%),  bomeol  (4%) 

15 

Erzurum 

piperitone  (31%),  camphor  (12%),  1,8-cineole  (11%) 

16 

Erzurum 

1,8-cineole  (38%),  camphor  (24%) 

17 

Ankara 

piperitone  (50%),  1,8-cineole  (11%),  camphor  (9%) 

18 

Iran 

1,8-cineole  (8%),  camphor  (7%),  a-fenchene  (6%), 
santolina  triene  (5%) 

19 

piperitone  (46%),  1,8-cineole  (18%),  limonene  (6%), 
p-cymene  (5%) 

20 

Bouin 

a-terpineol  (14%),  camphor  (12%),  spathulenol  (12%) 

21 

Azna 

spathulenol  (1 1%),  bicyclogermacrene  (3%), 
camphor  (2%),  bomeol  (2%),  germacrene  D  (1%) 

21 

Natanz 

camphor  (23%),  1,8-cineole  (19%),  germacrene  D  (14%), 
a-terpineol  (9%),  bicyclogermacrene  (6%) 

21 

Razawi 

1,8-cineole  (46-60%),  ascaridol  (3-26%), 

/?-cymene  (6-10%),  isoascaridol  (2-7%) 

22 

Razawi 

1,8-cineole  (33%),  carvacrol  (1 1%),  piperitone  (7%) 

23 

Tehran 

ascaridol  (37%),  piperitone  (17%),  camphor  (12%), 
/7-cymene  (8%),  piperitone  oxide  (6%) 

24 

Jordan 

Naur 

cA-ascaridol  (36%),/?-cymene  (32%),  carvenone  oxide 
(6%),  camphor  (5%) 

25 

Azerbaijan 

camphor  (34-38%),  bomeol  (7-23%),  1,8-cineole  (14-22%) 

26 

of  1,8-cineole  (8.8%),  but  high  amounts  of  p- cymene 
(27.0%),  camphor  (24.5%)  and  borneol  (2.8%).  Sample  B 
also  differed  by  containing  4.2%  ascaridol.  Sample  C 
from  southeastern  Konya  and  sample  D  from  northwestern 
Konya  in  central  Turkey  had  1,8-cineole  (36.9  and  35.5%), 
camphor  (15.6  and  21.7  %),  and  p- cymene  (3.4  and  13.3 
%)  as  their  most  abundant  components,  respectively. 
Piperitone  was  a  major  constituent  of  sample  C  (10.9%), 
but  was  not  detected  in  the  other  four  samples  (Table  2). 
Sample  E  was  collected  from  Isparta  in  southwestern 
Turkey,  and  its  chemical  profde  was  similar  to  that 
of  sample  D;  1,8-cineole  (34.3%),  camphor  (21.7%)  and 
p- cymene  (13.4%)  were  the  main  components.  As  far  as 
we  know,  this  is  the  first  report  on  the  essential  oil 
composition  of  A.  biebersteinii  from  the  Konya  and  Isparta 
regions. 

The  chemical  compositions  of  A.  biebersteinii  essential 
oils  reported  from  different  geographic  regions  [15-26]  are 
summarized  in  Table  3.  Monoterpenes,  with  quantitative 
and  qualitative  differences,  represented  the  largest 
group  in  these  previous  reports  [15-26],  an  exception 
being  one  sample  from  Iran,  which  was  found  to  be  rich  in 
the  sesquiterpene,  spathulenol.  Rahimmalek  el  al.  [21] 
reported  a  high  level  of  spathulenol  and  a  high  essential 
oil  yield,  which  might  be  due  to  a  soil  characterized 
by  an  accumulation  of  CaCC>3.  The  differences  in  oil 
composition  may  be  attributed  to  different  environmental 
factors,  plant  genetic  type,  seasonality,  physiological  age, 
and  developmental  stage. 

The  antifungal  activity  of  A.  biebersteinii  oils  was 
evaluated  against  the  plant  pathogens  Colletotrichnm 
acutatum,  C.  fragariae,  and  C.  gloeosporioides.  No 
activity  was  observed  using  direct  bioautography  assay 
with  spot  applications  of  80  and  160  Lig/spot.  Therefore, 
not  further  antifungal  studies  were  warranted. 
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In  searching  for  new  forms  of  mosquito  control,  the  five  A. 
biebersteinii  essential  oils  were  tested  against  Ae.  aegypti 
in  a  high  throughput  larval  bioassay  and  adult  toxicity  test. 
Oils  were  evaluated  in  a  dose-dependent  manner  at  500, 
250,  125,  62.5  and  31.25  ppm  (Table  4).  Percent  mortality 
was  determined  for  the  evaluated  compounds  using  the 
first  instar  larvae  of  Ae.  aegypti.  All  samples  showed  100% 
mortality  at  500  ppm,  but  only  two  (D  and  E)  gave  100% 
mortality  at  125  ppm.  Sample  B  was  the  only  active 
sample  resulting  in  20%  mortality  at  62.5  ppm,  whereas 
the  other  samples  were  inactive  at  the  same  concentration. 
The  difference  in  toxicity  of  sample  B  on  A.  aegypti  could 
be  due  to  either  qualitative  and/or  quantitative  variations  in 
the  essential  oil  constituents.  In  order  to  test  whether  the 
major  compounds  of  A.  biebersteinii  oils  were  responsible 
for  the  larvicidal  activity,  1,8-cineole,  p- cymene  and 
camphor  were  evaluated  for  their  larvicidal  effects. 
1,8-Cineole  produced  63.4%  ±  0.58  mortality  at  500  ppm 
and  40%  ±  0  mortality  at  250  ppm,  camphor  50.0%  ±0.71 
mortality  at  250  ppm  and  20%  ±  0  mortality  at  125  ppm, 
and  /7-cymene  90%  ±  0.71  mortality  at  125  ppm  and  0%  ± 
0  mortality  at  62.5  ppm.  These  pure  compounds 
independently  showed  significantly  weaker  larvicidal 
activity  than  the  unfractionated  essential  oil,  suggesting 
that  minor  compounds  are  probably  the  active  principles 
responsible  for  the  observed  Ae.  aegypti  larvicidal  activity. 
The  five  A.  biebersteinii  essential  oils  were  also  tested  on 
adult  mosquitoes.  Three  samples  (A,  D  and  E)  exhibited 
10%  mortality  at  3.1  pg/0.5pL  concentration  against  Ae. 
aegypti.  No  adult  mortality  was  observed  for  B  and  C 
samples  at  this  same  screening  rate.  On  the  basis  of  these 
results,  A.  biebersteinii  essential  oils  did  not  appear  to 
possess  insecticidal  compounds  active  at  useful 
concentrations  against  mosquitoes. 

Table  4:  Larvicidal  activity  of  A.  biebersteinii  essential  oils  against  first 
instar  larvae  of  Ae.  aegypti 


Sample 

Codes 

500 

ppm 

250 

ppm 

Mortality  |%] 

125 

ppm 

62.5 

ppm 

31.25 

ppm 

A 

100 

100 

40 

0 

0 

B 

100 

100 

40 

20 

0 

c 

100 

100 

20 

0 

0 

D 

100 

100 

100 

0 

0 

E 

100 

100 

100 

0 

0 

Essential  oils  have  not  received  as  much  attention  for  use 
as  natural  sources  of  potential  biopesticides  with  low 
mammalian  and  environmental  toxicity.  Unfortunately,  our 
data  indicated  that  A.  biebersteinii  does  not  appear  to  have 
potential  for  agrochemical  applications  as  either  an 
antifungal  or  insecticidal  agent. 

Experimental 

General:  1,8-Cineole  (99%,  Aldrich-Sigma,  St.,  Louis,  MO), 
±  camphor  (99%,  Aldrich-Sigma,  St.,  Louis,  MO),/»-cymene 
(96%,  Aldrich-Sigma,  St.,  Louis,  MO),  and  fungicide 
technicalgradestandardsbenomyl,  cyprodinil,  azoxystrobin, 
and  captan  (Chem  Service,  Inc.  West  Chester,  PA)  were 
purchased  from  commercial  sources  [27,28]. 
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Samples:  Achillea  biebersteinii  was  collected  from 
different  localities  in  central  Turkey  (Table  1).  Voucher 
specimens  are  kept  at  the  Herbarium  of  the  Faculty  of 
Pharmacy,  Gazi  University  in  Ankara,  Turkey. 

Isolation  of  the  essential  oils:  The  essential  oils  from  air- 
dried  plant  materials  were  isolated  by  hydrodistillation  for 
3  h,  using  a  Clevenger-type  apparatus  according  to  the 
method  recommended  in  the  European  Pharmacopoeia 
[29].  The  obtained  oils  were  dried  over  anhydrous  sodium 
sulfate  and  stored  at  +4°C  in  the  dark  until  analyzed  and 
tested. 

GC/FID  and  GC/MS  conditions:  The  chemical 
composition  of  A.  biebersteinii  oils  was  analyzed  by 
capillary  GC  and  GC/MS  using  an  Agilent  GC/MSD 
system.  The  same  column  and  analysis  conditions  were 
used  for  both  GC  and  GC/MS. 

The  GC/MS  analysis  was  carried  out  with  an  Agilent  5975 
GC/MSD  system.  A  Hewlet  Packard-Innowax  FSC 
column  (60  m  x  0.25  mm,  0.25  pm  film  thickness)  was 
used  with  helium  as  carrier  gas  (0.8  mL/min).  The  GC 
oven  temperature  was  kept  at  60°C  for  10  min  and  ramped 
to  220°C  at  a  rate  of  4°C/min,  then  held  constant  at  220°C 
for  10  min  with  a  final  programmed  ramp  to  240°C  at  a 
rate  of  l°C/min,  and  held  a  second  time  at  240°C  for 
20  min.  Split  ratio  was  adjusted  at  40:1.  The  injector 
temperature  was  at  250°C.  The  mass  spectrometer  was 
operated  with  an  electron  energy  of  70  eV.  Mass  spectra 
were  acquired  with  the  instrument  set  to  scan  from  m/z  35 
to  450  at  a  scan  rate  of  3.46  scans/s.  The  GC  analysis  was 
carried  out  using  an  Agilent  6890N  GC  system.  FID 
detector  temperature  was  300°C.  In  order  to  obtain  the 
same  elution  order  with  GC/MS,  simultaneous  injection 
was  done  using  the  same  column  and  appropriate 
operational  conditions. 

Identification  of  the  essential  oil  components  was  carried 
out  either  by  comparison  of  their  relative  retention  times 
with  those  of  authentic  samples  or  by  comparing  their 
relative  retention  index  (RRI)  to  a  series  of  «-alkanes. 
Computer  matching  was  also  used  for  the  identification  of 
compounds  using  as  references  Wiley  and  MassFinder  3.1 
[30,31],  an  in-house  “Ba§er  Library  of  Essential  Oil 
Constituents”  composed  of  genuine  compounds  and 
components  of  known  oils,  and  MS  literature  data  [32-34]. 
Relative  concentrations  of  the  separated  compounds  based 
on  percentage  were  computed  from  FID  chromatograms. 

Direct  bioautography  assay:  Detection  of  naturally 
occurring  antifungal  agents  was  used  to  evaluate  the 
antifungal  activity  of  A.  biebersteinii  essential  oils 
against  Colletotrichum  fragariae,  C.  acutatum  and 
C.  gloeosporioides  using  direct  bioautography  procedures 
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[35,36].  One -dimensional  thin-layer  chromatography  (ID 
TLC)  was  subsequently  used  to  purify  and  identify  the 
antifungal  agents  in  the  extracts.  The  sensitivity  of  each 
fungal  species  to  each  test  compound  was  determined  by 
comparing  the  sizes  of  the  inhibitory  zones.  Each  plate 
was  subsequently  sprayed  with  a  spore  suspension  (105 
spores/mL)  of  the  fungus  of  interest  and  incubated  in  a 
moisture  chamber  for  4  days  at  26°C  with  a  12  h 
photoperiod.  Fungal  growth  inhibition  was  evaluated  4-5 
days  after  treatment  by  measuring  zone  diameters. 
Bioautography  experiments  were  performed  multiple  times 
using  both  dose-  and  non-dose-response  formats. 
Fungicide  technical  grade  standards  benomyl,  cyprodinil, 
azoxystrobin,  and  captan  were  used  as  controls  at  2  mM  in 
2pL  of  EtOH. 

Mosquito  larvae  and  adult  mosquito  assays:  Larval 
bioassays  were  performed  as  described  in  [37,38].  Briefly, 
five  Ae.  aegypti  first  instar  larvae  were  placed  in  individual 
wells  of  a  24-well  plate  containing  950  pL  deionized  water 
and  40  pL  of  larvae  food  solution,  and  10  pL  of  either 
DMSO  (control)  or  10  pL  of  serially  diluted  test 
compound.  After  24  h,  the  number  of  dead  larvae  was 
recorded.  Serial  dilutions  were  continued  until  0% 
mortality  was  observed  for  each  chemical.  Larval  mortality 
was  recorded  after  24  h  of  exposure.  The  larval  assays 
were  repeated  several  times  on  different  days  with  6 
concentrations  providing  a  range  of  0-100%  mortality. 
Controls  included  negative  (untreated),  carrier  (DMSO), 
and  positive  (permethrin). 

For  assays  against  mosquito  adults,  stock  chemical 
solutions  prepared  as  above  were  diluted  in  acetone  to  a 
final  concentration  of  6.25  pg/pL.  Ten  adult  A.  aegypti 
female  mosquitoes,  3-5  days  post-eclosion,  were  cold- 
anaesthetized  and  placed  on  a  BioQuip  chill  table  (Rancho 
Dominguez,  CA)  set  at  4°C.  The  test  chemical  (0.5  pL) 
was  applied  to  the  dorsal  thorax  of  each  insect  using  a 
#1702  Gas-tight  Hamilton  syringe  mounted  on  a  Hamilton 
PB600  repeating  dispenser  (Reno,  NV),  with  a  final  dose 
of  3.12  pg  per  insect.  For  any  chemical  producing  50%  or 
greater  mortality,  a  second  assay  was  performed  using  1.56 
pg  per  insect.  After  treatment,  mosquitoes  were  placed  in 
3.5-oz  plastic  cups  containing  10%  sucrose  solution  and 
maintained  at  28°C  and  80%  relative  humidity.  Controls 
included  negative  (untreated),  carrier  (DMSO-acetone), 
and  positive  (permethrin). 

Acknowledgements  -  The  authors  thank  Ms  J.  Linda 
Robertson,  Ms  Ramona  Pace,  Ms  Xiaoning  Wang,  and  Ms 
Katelyn  Chalaire  for  great  assistance  with  the  antifungal 
and  mosquito  bioassays.  This  study  was  supported  by  a 
grant  from  the  Deployed  War-Fighter  Protection  (DWFP) 
Research  Program  and  the  U.S.  Department  of  Defense 
through  the  Armed  Forces  Pest  Management  Board 
(AFPMB) 


Essential  oil  and  bioactivity  of  Achillea  biehersteinii 


Natural  Product  Communications  Vol.  6  (5)  2011  705 


References 

[1]  Radulovic  NS,  Blagojevic  PD,  Skropeta  D,  Zarubica  AR,  Zlatkovic  BK,  Palic  RM.  (2010)  Misidentification  of  Tansy,  Tanacetum 
macrophyllum,  as  yarrow,  Achillea  grandifolia :  a  health  risk  or  benefit?  Natural  Product  Communications,  5,  121-127. 

[2]  Benedek  B,  Rothwangl-Wiltschnigg  K,  Rozema  E,  Gjoncaj  N,  Reznicek  G,  Jurenitsch  J,  Kopp  B,  Glasl  S.  (2008)  Yarrow  ( Achillea 
millefolium  L):  Pharmaceutical  quality  of  commercial  samples.  Pharmazie,  63,  23-26. 

[3]  Nemeth  E,  Bernath  J.  (2008)  Biological  activities  of  yarrow  species  ( Achillea  spp.).  Current  Pharmaceutical  Design,  14,  3151-3167. 

[4]  Si  XT,  Zhang  ML,  Shi  QW,  Kiyota  H.  (2006)  Chemical  constituents  of  the  plants  in  the  genus  Achillea.  Chemistry  and 
Biodiversity,  3,  1163-1179. 

[5]  Kupeli-Akkol  E,  Koca  U,  Pesin  I,  Yilmazer  D.  (2009)  Evaluation  of  the  wound  healing  potential  of  Achillea  biebersteini  Afan. 
(Asteraceae)  by  in  vivo  excision  and  incision  models.  Evidence-Based  Complementary  and  Alternative  Medicine  (eCAM),  6,  1-7. 

[6]  Demirci  F,  Demirci  B,  Gurbuz  I,  Yesilada  E,  Baser  KHC.  (2009)  Characterization  and  biological  activity  of  Achillea  teretifolia 
Willd.  and  A.  nobilis  L.  subsp.  neilreichii  (Kerner)  Formanek  essential  oils.  Turkish  Journal  of  Biology,  33,  129-136. 

[7]  Konyalioglu  S,  Karamenderes  C.  (2005)  The  protective  effects  of  Achillea  L.  species  native  in  Turkey  against  H202-induced 
oxidative  damage  in  human  erythrocytes  and  leucocytes.  Journal  of  Ethnopharmacology,  102,  221-227. 

[8]  Iscan  G,  Kirimer  N,  Kurkcuoglu  M,  Arabaci  T,  Kupeli  E,  Baser  KLIC.  (2006)  Biological  activity  and  composition  of  the  essential 
oils  of  Achillea  schischkinii  Sosn.  and  Achillea  aleppica  DC.  subsp.  aleppica.  Journal  of  Agricultural  and  Food  Chemistry,  54, 
170-173. 

[9]  Karamenderes  C,  Apaydin  S.  (2003)  Antispasmodic  effect  of  Achillea  nobilis  L.  subsp.  sipylea  (O.  Schwarz)  Bassler  on  the  rat 
isolated  duodenum.  Journal  of  Ethnopharmacology ,  84,  175-179. 

[10]  Radulovic  N,  Zlatkovic  B,  Palic  R,  Stojanovic  G.  (2007)  Chemotaxonomic  significance  of  the  Balkan  Achillea  volatiles.  Natural 
Product  Communications,  2,  453-474. 

[11]  Trendafilova  A,  Todorova  M,  Vitkova  A.  (2010)  Essential  oil  composition  of  Achillea  clusiana  from  Bulgaria.  Natural  Product 
Communications,  5,  129-132. 

[12]  Hoel  D,  Pridgeon,  JW,  Bernier,  UR,  Chauhan,  K,  Meepagala,  K,  Cantrell,  C.  (2010)  Departments  of  Defense  and  Agriculture  team 
up  to  develop  new  insecticides  for  mosquito  control.  Wingbeats,  21,  19-34. 

[13]  Cope  SE,  Strickman  DA,  White  GB.  (2008)  The  Deployed  Warfighter  Protection  Research  Program:  Finding  new  methods  to 
vanquish  old  foes.  The  United  States  Army  Medical  Department  Journal,  April-June,  9-20. 

[14]  Duke  SO,  Cantrell  CL,  Meepagala  KM,  Wedge  DE,  Tabanca  N,  Schrader  KK.  (2010)  Natural  toxins  for  use  in  pest  management, 
Toxins,  2,  1943-1962. 

[15]  Sokmen  A,  Sokmen  M,  Daferera  D,  Polossiou  M,  Candan  F,  Unlu  M,  Akpulat  HA.  (2004)  The  in  vitro  antioxidant  and 
antimicrobial  activities  of  the  essential  oil  and  methanol  extracts  of  Achillea  biebersteini  Afan.  (Asteraceae).  Phytotherapy 
Research,  18,  451-456. 

[16]  Baris  O,  Gulluce  M,  Sahin  F,  Ozer,  H,  Kilic  H,  Ozkan  H,  Sokmen  M,  Ozbek  T.  (2006)  Biological  activities  of  the  essential  oil  and 
methanol  extract  of  Achillea  biebersteinii  Afan.  (Asteraceae).  Turkish  Journal  of  Biology,  30,  65-73. 

[17]  Kordali  S,  Cakir  A,  Akcin  TA,  Mete  E,  Akcin  A,  Aydin  T,  Kilic  H.  (2009)  Antifungal  and  herbicidal  properties  of  essential  oils 
and  n-hexane  extracts  of  Achillea  gypsicola  Hub-Mor.  and  Achillea  biebersteinii  Afan.  (Asteraceae).  Industrial  Crops  and 
Products,  29,  562-570. 

[18]  Kusmenoglu  S,  Baser  KHC,  Ozek  T,  Harmandar  M,  Gokalp  Z.  (1995)  Constituents  of  the  essential  oil  of  Achillea  biebersteinii 
Afan.  Journal  of  Essential  Oil  Research,  7,  527-528. 

[19]  Katayoun  MS,  Mohammad  A,  Kamran  M.  (2005)  The  essential  oil  composition  of  Achillea  biebersteinii  Afan.  Journal  of  Essential 
Oil-Bearing  Plants,  8,  200-203. 

[20]  Jaimand  K,  Rezaee  MB.  (2001)  Comparative  study  of  the  essential  oils  of  three  Achillea  species  from  Iran,  Journal  of  Essential  Oil 
Research,  13,  354-356. 

[21]  Rahimmalek  M,  Sayed-Tabatabaei  BE,  Etemadi  N,  Hossein-Goli  SA,  Arzani  A,  Zeinali  H.  (2009)  Essential  oil  variation  among 
and  within  six  Achillea  species  transferred  from  different  ecological  regions  in  Iran  to  the  field  conditions.  Industrial  Crops  and 
Products,  29,  348-355. 

[22]  Azizi  M,  Chizzola  R,  Ghani  A,  Oroojalian  F.  (2009)  Composition  at  different  development  stages  of  the  essential  oil  of  four 
Achillea  species  grown  in  Iran.  Natural  Product  Communications,  5,  283-290. 

[23]  Ghani  A,  Azizi  M,  Hassanzadeh-Khayyat  M,  Asghar-Pahlavanpour  A.  (2008)  Essential  oil  composition  of  Achillea  eriphora, 
A. nobilis,  A.  biebersteinii  and  A.  wilhelmsii  from  Iran.  Journal  of  Essential  Oil-Bearing  Plants,  11,  460-467. 

[24]  Abdolhossein  R,  Hossein  K,  Mercedeh-Sanei  S,  Jassbi,  Amir-Reza  J,  Masoudi  S.  (1998)  Comparative  study  of  the  essential  oils  of 
three  Achillea  species  from  Iran.  Journal  of  Essential  Oil  Research,  10,  207-209. 

[25]  Bader  A,  Flamini  G,  Cioni  PL,  Morelli  I.  (2003)  Essential  oil  composition  of  Achillea  santolina  L.  and  Achillea  biebersteinii  Afan. 
collected  in  Jordan.  Flavour  and  Fragrance  Journal,  18,  36-38. 

[26]  Esmaeili  A,  Nematollahi  F,  Rustaiyan  A,  Moazami  N,  Masoudi  S,  Bamasian  S.  (2006)  Volatile  constituents  of  Achillea 
pachycephala,  A.  oxyodonta  and  A.  biebersteinii  from  Iran.  Flavour  and  Fragrance  Journal,  21,  253-256. 

[27]  Wedge  DE,  Dale  NG.  (2000)  A  new  2D-TLC  bioautography  method  for  the  discovery  of  novel  antifungal  agents  to  control  plant 
pathogens.  Journal  of  Natural  Products,  63,  1050-1054. 

[28]  Tabanca  N,  Demirci  B,  Baser,  KHC,  Aytac  Z,  Ekici  M,  Khan  SI,  Jacop  MR,  Wedge  DE.  (2006)  Chemical  composition  and 
antifungal  activity  of  Salvia  macrochlamys  and  Salvia  recognita  essential  oils.  Journal  of  Agricultural  and  Food  Chemistiy,  54, 
6593-6597. 

[29]  European  Pharmacopoeia,  5lh  Edition,  volume  1  (2005),  Council  of  Europe,  Strasbourg.  217. 

[30]  Koenig  WA,  Joulain  D,  Hochmuth  DH.  (2004)  Terpenoids  and  related  constituents  of  essential  oils.  MassFinder  3.  Hochmuth  DH. 
(Ed.).  Convenient  and  Rapid  Analysis  of  GC-MS,  Hamburg,  Germany. 

McLafferty  FW,  Stauffer  DB.  (1989)  The  Wiley/NBS  registry  of  mass  spectral  data.  J.  Wiley  and  Sons,  New  York. 


[31] 


706  Natural  Product  Communications  Vol.  6  (5)  2011 


Tabanca  et  al. 


[32]  Joulain  D,  Koenig  WA.  (1998)  The  atlas  of  spectra  data  of  sesquiterpene  hydrocarbons.  E.B.Verlag,  Hamburg. 

[33]  ESO  2000.  (1999)  The  complete  database  of  essential  oils.  Boelens  Aroma  Chemical  Information  Service,  The  Netherlands. 

[34]  Jennings  WG,  Shibamoto  T.  (1980)  Quantitative  analysis  of flavor  and  fragrance  volatiles  by  glass  capillaty  GC.  Academic  Press, 
New  York. 

[35]  Tabanca  N,  Wedge  DE,  Wang  X,  Dcmirci  B,  Baser  KHC,  Zhou  L,  Cutler  SJ.  (2008)  Chemical  composition  and  antifungal  activity 
of  Angelica  sinensis  essential  oil  against  three  Colletotrichum  species.  Natural  Product  Communications,  3,  1073-1078. 

[36]  Wedge  DE,  Tabanca  N,  Sampson  BJ,  Werle  C,  Demirci  B,  Baser  KHC,  Nan  P,  Duan  P,  Liu  Z.  (2008)  Antifungal  and  insecticidal 
activity  from  two  Juniperus  essential  oils.  Natural  Product  Communications,  3,  1-5. 

[37]  Pridgeon,  JW,  Becnel  JJ,  Clark  GG,  Linthicum  KJ.  (2009)  A  high  throughput  screening  method  to  identify  potential  pesticides  for 
mosquito  control.  Journal  of  Medical  Entomology,  46,  335-341. 

[38]  Pridgeon  JW,  Pereira  RM,  Becnel  JJ,  Allan  SA,  Clark  GG,  Linthicum  KJ.  (2008)  Susceptibility  of  Aedes  aegypti  L.,  Culex 
quinquefasciatus  Say,  and  Anopheles  quadrimaculatus  Say  to  19  pesticides  with  different  modes  of  action.  Journal  of  Medical 
Entomology,  45,  82-87. 


Natural  Product  Communications 

2011 

Volume  6,  Number  5 
Contents 

Original  Paper  Page 

Bioactivity-guided  Study  of  Antiproliferative  Activities  of  Salvia  Extracts 

Gabor  Janicsak,  Istvan  Zupko,  Milena  T.  Nikolova,  Peter  Forgo,  Andrea  Vasas,  Imre  Mathe,  Gerald  Blundenand 

Judit  Hohmann  575 

Simultaneous  Quantification  of  Panax  and  Epimedium  Species  Using  Rapid  Resolution  Liquid 
Chromatography  (RRLC) 

Jie  Ma,  Yuan-Chun  Ma,  Daniel  Wang,  Fei  Fei  Hou,  Mai  Luo,  Shane  Lu,  Dariusz  C.  Gorecki  and  Asmita  V  Patel  581 

Radioprotective  Properties  of  Cumaside,  a  Complex  of  Triterpene  Glycosides  from  the  Sea  Cucumber 
Cucumaria  japonica  and  Cholesterol 

Dmitry  L.  Aminin,  Tatiana  S.  Zaporozhets,  Pelageya  V.  Adryjashchenko,  Sergey  A.  Avilov,  Vladimir  I.  Kalinin  and 

Valentin  A.  Stonik  587 

Herbicide  Activity  of  Extracts  from  Ailanthus  altissima  (Simaroubaceae) 

Cristiano  Pedersini,  Massimo  Bergamin,  Vincent  Aroulmoji,  Sanzio  Baldini,  Rodolfo  Picchio,  Patricia  Gutierrez  Pesce, 

Luca  Ballarin  and  Enninio  Murano  593 

Redox  Properties  of  8-Quinolinol  and  Implications  for  its  Mode  of  Action 

Vladimir  Chobot,  Sigrid  Drage  and  Franz  Hadacek  597 

Analysis  of  Amaryllidaceae  Alkaloids  from  Chlidanthus  fragrans  by  GC-MS  and  their  Cholinesterase  Activity 

Lucie  Cahlikova,  Katerina  Macakova,  Stanislav  Zavadil,  Pavel  Jiros,  Lubomir  Opletal,  Klara  Urbanova  and 

Ludek  Jahodar  603 

Acetylcholinesterase  and  Butyrylcholinesterase  Inhibitory  Compounds  from  Corydalis  cava  (Fumariaceae) 

Jakub  Chlebek,  Katerina  Macakova,  Lucie  Cahlikova,  Milan  Kurfiirst,  Jin  Kunes  and  Lubomir  Opletal  607 

Effect  of  Ascorbigen  and  l'-Methylascorbigen  on  Disease  Resistance  of  Bean  Plants  to  Uromyces  phaseoli 

Gyorgy  Katay,  Erno  Tyihak  and  Edith  Katay  611 

Maculansins,  Cryptic  Phytotoxins  from  Blackleg  Fungi 

M.  Soledade  C.  Pedras  and  Paulos  B.  Chumala  617 

Unusual  Compounds  from  Exudates  of  Dionysia  diapensifoiiaa n d  D.  gaubae  var.  megalantha  (Primulaceae) 

Tshering  Doma  Bhutia,  Karin  M.  Valant-Vetschera,  Eberhard  Lorbeer  and  Lothar  Brecker  621 

A  Novel  Biflavonyloxymethane  from  Pongamia  pinnata  and  its  Radical  Quenching  Activity 

Anindita  Ghosh,  Suvra  Mandal,  Avijit  Banerji,  Manoj  Kar,  Kalyan  Hazra  and  Julie  Banerji  625 

The  Thai  Medicinal  Plant  Gynura  pseudochina  var.  hispida:  Chemical  Composition  and  in  vitro  NF-kB 
Inhibitory  Activity 

Nisarat  Siriwatanametanon  and  Michael  Heinrich  627 

Multiple  Beneficial  Effects  of  Resveratrol  and  their  Chemical-Biochemical  Basis 

Erno  Tyihak,  Zsuzsa  Kiraly-Veghely  and  Agnes  M.  Moricz  631 

Simultaneous  Quantification  of  Echinacea  Species,  Flos  Lonicerae ,  Radix  Scutellaria  and  Fructus  Forsythiae 
Combinations  by  Rapid  Resolution  Liquid  Chromatography 

Jie  Ma,  Yuan-Chun  Ma,  Carina  Cai,  Daniel  Wang,  Fei  Fei  Hou,  Mai  Luo,  Shane  Lu,  Dariusz  C.  Gorecki, 

Asmita  V.  Patel,  Alice  Chen  and  Peter  Jin  639 

Rapid  Resolution  Liquid  Chromatography  (RRLC)  Analysis  for  Quality  Control  of  Rhodiola  rosea  Roots 
and  Commercial  Standardized  Products 

Yuan-Chun  Ma,  Xiao-Qiang  Wang,  FeiFei  Hou,  Jie  Ma,  Mai  Luo,  Shane  Lu,  Peter  Jin,  Nelly  Terevsky,  Alice  Chen, 

Iris  Xu,  Asmita  V.  Patel  and  Dariusz  Gorecki  645 

Antioxidant  Activity  of  Polyphenols  from  Green  and  Toasted  Mate  Tea 

Patricia  de  Abreu  Marques  Coentrao,  Valeria  Laneuville  Teixeira  and  Annibal  Duarte  Pereira  Netto  651 

Investigation  of  the  Antibacterial  Mechanism  of  Aflatoxins  in  the  BioArena  System 

Agnes  M.  Moricz,  Peter  G.  Ott,  Klara  H.  Otta  and  Erno  Tyihak  657 

Bioactive  Aromatic  Derivatives  from  Endophytic  Fungus,  Cytospora  sp. 

Shan  Lu,  Siegfried  Draeger,  Barbara  Schulz,  Karsten  Krohn,  Ishtiaq  Ahmed,  Hidayat  Hussain,  Yanghua  Yi , 

Ling  Li  and  Wen  Zhang  661 


Continued  inside  backcover 


